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Comparisons among sequence analyses of actions in
response to various treatments of visual and olfactory cues
were carried out in the lizard, S eloporus undulatus
klyacinthinus, to determine the relative roles of these cues
in eliciting agonistic behavior.

Visual cues were tested

using mirrors, models and clear partitions between cages.
Chemical cues were tested using the secretion from the
cloaca of males.

A combination of visual and olfactory cues

was tested by streaking a mirror with the substance from the
cloaca of a male.

The responses to these treatment con-

ditions were videotaped, and the transition frequencies
between the most frequently expressed behaviors (i.e., head
turning, crawling, jaw snapping and bobbing) were analyzed
according to Chi Square Analysis for Independence.
According to these analyses, the transitions occurred in a
probabilistic sequence (i.e., the occurrence of one action
positively or negatively affected the probability of the
occurrence of a particular following action).

vi

The patterns

of significance in transition frequencies were similar for
similar treatment conditions, reenforcing the conclusion
that the transition sequences were not occurring at random.
Visual cues appeared to play a primary role in eliciting
agonistic behavior.

Olfactory cues appeared to play a

secondary part in agonistic behavior, coming into play only
when a visual cue was present first.

vii
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INTRODUCTION

The range of the northern fence lizard, Scelporus
undulatus hyacinthinus (Iguanidae), extends from extreme
southeastern New York westward through northern Pennsylvania, central Ohio, southward in the West through eastern
Kansas, the eastern fourth of Oklahoma, and the eastern half
of Texas.

In the east its range extends to northern South

Carolina and the foothills of South Carolina west to
Louisiana, reaching the southern lowlands and coast only in
western Louisiana and eastern Texas (Kennedy 1958).

There

are three ecological regions of its range to which the
species has adapted.

These regions are eastern woodland,

grasslands, and canyonlands.

Within these regions are three

major habitat types: woodland or forest edge in the eastern
United States, prairie or desert grassland in the central
and southwestern United States, and rocky plateau or canyonland in the mountainous regions of the western United States
east of California and Nevada (Ferguson et al. 1980).
The breeding season of the northern fence lizard begins
shortly after adults emerge from hibernation in March and
continues through June or early July (Fitch 1940, Kennedy
1958).

Males soon establish territories and select perch

sites where they spend most of their active time watching
for prey, rival males and possible mates.

Factors that
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enhance males' establishment and defense of territories are
positively correlated with reproductive success as in other
iguanid species studied (Fitch 1940, Carpenter 1966, Ruby
1978, 1984).

Territoriality involves aggressive behavior

that allows an individual to maintain an area of its habitat
exclusive of other individuals.

Maintenance of a territory

insures the resident access to limited resources such as
food, nest sites, or mates.

In competing for the limited

number of suitable territories, aggressive behavior of male
Scelo orus often takes the form of challenge-assertion
displays.

These agonistic behaviors decrease the chances of

physical injury and reduce energy costs since the challenge
displays of one male often result in the submission of the
other, in which case there usually is no actual fighting
between the lizards.

As the breeding season concludes,

territorial activity wanes.

Males, which are conspicuous

during such activity, are more likely to be preyed upon
(Fitch 1940, Ruby 1978).

The northern fence lizard exhibits

agonistic behaviors associated with territorial behavior in
captivity similar to those observed in the field (Rothblum
and Jenssen 1978).

For this reason

a.

undulatus serves as a

good model species in which to carry out laboratory experiments studying agonistic behavior associated with
territoriality.
Agonistic behavior involves ritualized contesting
actions and the responses to these actions.

Such actions

are usually expressed during maintenance and establishment
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of territories or in establishment of dominance hierarchies.
The challenge-assertion display, an important component of
agonistic behavior in L. undulatus hyacinthinus, involves
bobbing.

This action has been analyzed with regard to

number of bobs in a display, inter-bob pause duration, and
temporal patterning of the bob plateau.

Laboratory

observations were verified by field observations (Rothblum
and Jenssen 1978).

It was found that unlike those of most

other iguanid lizards (with the exception of a few other
sceloporines), the bobbing display repertoire of

a.

undulatus hyacinthinus consists of two distinct, stereotypical types, "A" ana "B."

The type "A" display is

characterized by an intrapopulation stereotypy which would
facilitate species recognition.

The type "B" display is

characterized by an intra-individual stereotypy which would
facilitate individual recognition.

Despite intense study of

the specifics characterizing agonistic behavioral
expression, little work has been carried out regardirw,
environmental cues that trigger such b7havior.
Visual cues are known to be important in eliciting
agonistic behavior of L. undulatus (Carpenter 1962) and of
other iguanid species (Ferguson et al. 1966).
description of agonistic behavior in

a.

The

undulatus in

response to mirror images (Carpenter 1962) is much like that
of the species' agonistic behavior under natural conditions.
Studies have concentrated on visual cues, and thus the role
of chemical cues in promoting agonistic behavior has been
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considered insignificant (Ferguson et al. 1966).

However,

these lizards have well developed vomeronasai-olfactory
structures for the detection of scent, and Duvall (1979,

1981, 1982) reported that chemical cues alone are sufficient
to elicit bobbing displays.

The presence of certain

epidermal glands also supports the notion that chemical cues
probably have an important influence in lizard behavior
(Burkholder and Tanner 1974, Cole 1966a, b).
.Sceloporus undulatus possesses several glands, the
functions and compositions of which are not known.

In

studying the femoral gland, results of early works indicate
that castration causes atrophy of the gland, and other
studies show that testosterone injections induce development
of the gland (Cole 1966b, Ferguson, _al al. 1985).

For thesr?

reasons, the gland is thought to function in chemical
communication during pair formation in the breeding season.
It has also been suggested that the gland functions in the
marking of males' territories (Cole 1966b).
The chemical composition of the secretion of the
femoral gland secretion is unknown.

Some investigators of

the late 1800's and early 1900's found that cornificatinn
was involved in the secretion in some species, but that the
secretion in 13celoporus acanthinus was similar to that of
sebaceous glands and contained no cornified elements.

A

study of the secretion produced by the femoral gland of
Crotophytus collaris showed that the secretion was a protein,
which appeared to be keratin (Cole 1966b).
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A gland associated with the cloaca has been studied
less extensively than the femoral gland.

This gland,

located anterior to the ventral lip of the cloaca, secretes
an apocrine material during a period that includes, but
extends beyond, the mating season.

The gland is thought to

be associated with reproduction, but the function has not
been determined (Burkholder and Tanner 1974).
There is evidence to suggest that both visual and
chemical cues are involved in eliciting agonistic behavior.
However, sequence analysts of behaviors in response to
specific visual and chemical cues have not been carried out.
The purpose of this study was to determine the roles of
visual and olfactory cues in initiating agonistic behavior
in Sceloporus undulatus hyacinthinus based on sequence
analyses of behavior.
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MATERIALS AND METHODS

Twelve adult male lizards were captured in wooded areas
along rocky outcroppings in Warren County, Kentucky from
late April to early June, 1986.

Males were determined to be

adults using snout-vent length measurements (i.e., greater
than 45 mm; Kennedy 1958).

Snout-vent lengths ranged from

52 mm to 71 mm with an average of 63 mm.

Females were also

captured, and one male and one female were placed in each of
six 58 cr, x 43 cm x 30 cm wooden cages equipped with sliding
glass front panels to facilitate videotaping.
The preferred temperature of i5ce1oporus undulatus
varies seasonally and increases with increased day length to
near 32°C (Ballinger,

ai. 1959).

Therefore, the daytime

temperature was maintained at 31°C to 32°C using a 100 watt
incandescent light source and was allowed to drop to room
temperature (26°C) at night.

The lights were regulated by

an automatic timer to maintain a 14-hour light: 10-hour dark
photoperiodic schedule.

This photoperiod has been used to

induce testicular growth in another iguanid lizard, Anolis
carolinensis (Licht 1967a, b; 1971), and is similar to the
photoperiod length when Sceloporus undulatus is
reproductively active in Kentucky.

A piece of bark placed

in each cage served as cover and as a display perch.

Food

(live 4th instar crickets, Acheta domesticus) and water in
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gravel-filled petri dishes were provided ad libitua.

A one-

week acclimation period was allowed for the lizards to
adjust to cage conditions and to establish territories prior
to testing.
The cages were modified to simulate the condition in
nature in which two males' territories might be adjacent.
The cages were bolted together in pairs with an opening cut
in the side of each cage.

A blackened partition which could

be removed to allow encounters between males was placed in
the opening between the cages.

This method was used in

order to make the encounters more like those that occur in
nature (Jenssen, personal communication) in which
transitions are apparent between levels of arousal (i.e.,
awareness of intruder, display and attack) (Cooper 1977).
This method also reduces handling effects and produces a
resident-resident" relationship to enhance territorial
behavior (Oritz and Jenssen 1982).
Responses to different stimuli were monitored to
determine the senses involved in agonistic behavior in
males.

Visual modalities were tested by placing a mirror in

the cage and analyzing each male's response to its
reflection.

Since the lizards were responding to their own

images, a second visual test was performed by placing a
clear partition between each set of cages to introduce the
sight of another male without introducing chemical cues.
Four models of lizards were presented to each male in
an attempt to determine if there was a specific component of
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the visual cue (i.e., a releaser stimulus) responsible for
the initiation of agonistic behavior.

The shapes, color

patterns and movements of the models were altered to
determine which of these visual components was most
effective in eliciting responses from resident males.

The

first model, formed in the shape of a lizard and colored
brown with darkened eye spots, was constructed of paraffin.
The second model was made of thin cardboard and was cut in
the shape of a lizard in a laterally compressed position.
Blue gular and belly patches were marked to simulate those
of displaying males.

These two models were attached to the

ends of long clear glass rods in order for movement of the
models to be controlled from outside the cages.

The third

model was a paper model fixed to a clear plastic plate.

The

head of the model was separate from the body and was
attached to wires which could be controlled from outside the
cage causing just the head of the model to move in a
"bobbing" fashion.

The fourth model was similar to the

third, but the torso was designed to "bob" and was connected
to clear thread.

This enabled the movement of the model to

be controlled from behind a blind, causing less distraction.
These latter two models were designed to study the movement
cumponent of the visual cue.
Tc examine the importance of olfactory cues in
eliciting agonistic behaviors, the fluid from the cloaca of
a territorial male lizard was milked onto a piece of filter
paper and placed together with a blank piece of filter paper
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of the same size and shape in the cage of a resident male at
a fixed distance apart.

To test the behavioral response to

a combination of visual and olfactory cues, a mirror was
streaked about one half inch from the bottom with the
substance milked from the cloaca of a territorial male and
was placed in the cage of another male.
The partitions between the cages were removed in order
to videotaped encounters between males.

The males'

responses to the tests described above were compared with
responses during these male-male interactions.
All tests were performed between 8:00 a.m. and 10:0C
a.m. CST between May 23 and July 3, 1986.

This is a time of

day in which the lizards have been reported to be active in
the field (Carpenter 1961).

Displays were taped using a

Panasonic videocamera equipped with a digital timer readout.

Videotaping was done from behind a black plastic blind

to avoid distractions from the observer.

Ten-minute

segments were taped, and taping began following the first
movement of a lizard, such as a head turn.
Behavioral actions were placed into descriptive
categories, and each videotaped segment was analyzed for the
frequency of occurrence and transitions between these
categories.

From these data, first order contingency tables

of preceding and following actions were constructed.

The

transitions between actions were recorded and the data were
subjected to a Chi Square analysis for Independence (Fagen
and Young 1978).

A sample size of 5R

2

total observations is
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borderline, while a sample size of 10R

2

total observations

is sufficient to test for significance, where R = repertoire
size (i.e., the number of behavioral categories).

Also, not

more than 20 percent of the expected values can be less than
5, and none can be less than one (Fagen and Young 1978).
Only behavioral actions that were observed with sufficient
frequency to meet these requirements were included in the
statistical analysis.
I values were calculated for each cell of the
contingency tables.

The value of Y was used to determine

which transitions occurred at frequencies significantly
different from those expected by chance.

If the Y value was

positive and the transition was significant (calculated Y >
0.26), the preceding action was determined to direct the
following action, but if the Y value was negative and the
transition was significant, the preceding action was
determined to inhibit the following action (Fagen and Young
1978).

11

RESULTS

The data in Tables 1-4 summarize the results of tests
involving the behavioral responses of ten resident males to
the following four treatment conditions: neighboring
resident males, neighboring resident males separated by a
clear partition, mirror alone, and mirror plus cloacal
smear.

Behavioral responses to four models, used to test

visual cues, and to the cloacal smear alone, used to test
chemical cues, were not frequent enough to be analyzed
statistically.

All transition matrices for the four

treatment conditions were analyzed statistically using Chi
Square Analysis for Independence and Y value determination
(Fagen and Young 1978).
The actions which were included in the contingency
tables to be subjected to Chi Square analysis were
Head Turn (HT) - movement of the head
Crawl

(CR) - any forward locomotion

Jaw Snap

(JS) - rapid opening and closing of the
mouth, with or without the extrusion
of the tongue

Bobbing

(B)

- push-up display most often associated
with lateral compression of the body

Other common actions that were observed, but did not occur
at frequencies high enough to be included in the contingency
tables and in the statistical analysis,were
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Rapid Head Bob

(RHB) - rapid jiggling of the head

Turn

(T)
- any change in orientation
of the body to the stimulus

Lateral Compression

(LC) - flattening of the body
laterally often accompanied by
bobbing

Tail Whip

(TW)
tail

- lashing movement of the

The null hypothesis of equiprobability was easily
rejected with Chi Square values of 53.2 for male-male
interactions, 109.1 for males separated by a clear
partition, 180.4 for males' responses to a mirror, and 145.2
for males' responses to a mirror with cloacal smear (df=9,
p<05).

The Chi Square values show that the transitions are

occurring in a probabilistic sequence rather than at random.
That is, the occurrence of one action affects the
probability that a particular action will or will not
follow.
Tables 1-4 represent the contingency matrices of
behavioral transitions, and the effects of a particular
behavior on the following action are indicated.

Tables 1

and 2 represent behavioral transition frequencies of
resident males in response to other males (i.e., male-male
interaction and males separated by a clear partition).

In

both cases the pattern of significance for transition
frequencies is similar, except for transition frequencies in
which bobbing is the preceding action.

The transition

frequency by resident males from crawling to bobbing in
response to another male separated by a clear partition

Table 1.

Contingency analysis of behaviors of male Sceloporus undulatus hyacinthinus
during agonistic male-male interactions from May 22, 1986 to July 3, 1986.

PRECEDING
ACTION
Frr

FOLLOWING ACTION
CR

JS

SUM

HT

CR

JS

SUM

HT = Head Turn
CR = Crawl
JS = Jaw Snap
B = Bob
SUM = Total Observed Actions
a
Observed Frequency
b
Expected Frequency

Li

Positive affect of preceding action on following
action as determined by significant Y value
Negative affect of preceding action on following
action as determined by significant Y value
Non-significant Y value

Table 2

Contingency analysis of behaviors of male Sceloborus undulatus hyacinthinus
during agonistic encounters of males separated by a clear partition from May 22,
1986 to July 3, 1986.

PRECEDING
ACTION
HT

HT

304ab
(252)

OR

FOLLOWING ACTION
OR

395

SUM

386
•

22

36
(23)

22
(12)

17

8
(6)

58

12
(8)

6
(4)

40

114

59

JS

SUM

JS

121

(7)

37

605

HT = Head Turn
CR = Crawl
JS = Jaw Snap
B = Bob
SUM = Total Observed Actions

Positive affect of preceding action on following
action as determined by significant Y value

a Observed Frequency
b Expected Frequency

Non-significant Y value

Negative affect of preceding action on following
action as determined by significant Y value
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increased dramatically compared with that in male-male
interactions.

Also the number of transitions from bobbing

to other actions was different in resident males faced with
a clear partition compared with the number observed in malemale interactions without a partition

Likewise, the

patterns of significance for transition frequencies in
response to mirrors (with and wichout cloacal smear) (Tables
3 and 4) are identical with each other with the exception of
the transition frequency from bobbing to crawling which is
significant in males tested with a mirror plus the cloacal
smear, wherein bobbing negatively affected the frequency of
occurrence of crawling.

The primary differences between the

male-male (Tables 1 and 2) and male-mirror (Tables 3 and 4)
interactions appear to be in the transitions crawling to jaw
snapping and jaw snapping to crawling.
Displays performed in response to the mirror plus
cloacal smear and to neighboring males separated by a clear
partition, showed that the four most common behavioral
actions (i.e., those which were expressed at frequencies
high enough to give a valid Chi Square analysis) occurred
from most to least frequently in descending order, head
turning, crawling, jaw snapping, bobbing.

The order was

similar during male-male interactions except that jaw
snapping and crawling occurred in equal freqlency ;Tatle 1).
Displays performed in response to the mirror without cloacal
smear (Table 3), however, showed that jaw snapping occurred
more frequently than crawling.

Jaw snapping also occurred

Table 3.

Contingency analysis of behaviors of male ScelobOrus vndulatus
in response to a mirror from May 22, 1986 to July 3, 1986.

PRECEDING
ACTION

FOLLOWING ACTION

Fff

Fff

SUM

JS

CR

248ab
(198)

353

24

43
(20)

OR

115

(7)

58
(24)

JS

33
(28)

hvacinthinus

120

VA

50
4111

SUM

358

HT = Head Turn
CR = Crawl
JS = Jaw Snap
B = Bob
SUM = Total Observed Actions
a
Observed Frequency
b
Expected Frequency

113

126

41

638

Positive affect of preceding action on following
action as determined by significant Y value
Negative affect of preceding action on following
action as determined by significant Y value
Non-significant V value

Table 4.

Contingency analysis of behaviors of male Sceloporus undulatus hyacinthinus
in response to a mirror with cloacal smear from May 22, 1986 to July 3, 1986.

PRECEDING
ACTION
Err

FOLLOWING ACTION
GR

JS

SUM

Fir

CR

JS

SUM

HT Head Turn
CR = Crawl
JS.Jaw Snap
B = Bob
SUM = Total Observed Actions
a
Observed Frequency
b
Expected Frequency

Positive affect of preceding action on following
action as determined by significant Y value
Negative affect of preceding action on following
action as determined by significant Y value

M

Non-significant Y value
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more frequently in response to the mirror alone than it did
in response to any of the other stimuli (120 observations in
response to the mirror versus 57-58 in response to other
stimuli).
There was an increase in the total number of
transitions in response to the clear partition (605), mirror
(638), and mirror plus cloaca' smear (512) over the number
of transitions (351) during male-male interaction.

This

increase was due primarily to greater numbers of head turns
and crawls.
The results from this study were compared with those
from non-agonistic encounters studied under the same
environmental conditions in a previous study carried out in
this laboratory (Allison 1987).

Since each of eleven

animals was tested three times in that study, the total
number of observations was greater than the total number of
observations of the agonistic encounters in this study, in
which only ten animals were tested once under each treatment
condition.

However, this difference was due primarily to

head turns, and even with the duplication of testing nonagonistic behavior, more jaw snapping occurred with all four
agonistic tests, more crawling occurred with the mirror,
with the mirror plus cloacal smear, and with the clear
partition.

Bobbing, which did not occur at all in

association with non-agonistic behavior, occurred in
association with agonistic behavior in all four tests.
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DISCUSSION

A distinction is made between the assertion display of
lizards and the challenge display.

The descriptions of

Greenberg (1977), Crews (1975) and Carpenter (1961a, b;
1962, 1978) regarding these displays are in agreement.

The

assertion display involves bobbing of low amplitude in low
intensity from a relaxed body position.

This display is not

necessarily directed at a lizard or any particular object
and is often performed when no other lizard is present.
Lateral compression and lateral presentation are not
ordinarily a part of assertion.

A lizard often performs the

assertion display as it moves through its habitat.

For this

reason, it is thought that the assertion display functions
as a long range signal of territorial declaration.

Crews

(1978) suggests that it may be used in species recognition.
The challenge display is associated with very
aggressive action between two males.

The challenge display

involves lateral compression and bobbing directed at another
.izard.

The observations of responses to stimuli presented

to lizards in this study were comparable to the previous
descriptions of the challenge display.

The lizard is

oriented in a particular direction and carries out specific
postural changes.

The display is of high intensity, and

amplitude of the movements is maximum.

The challenge
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display patterns are close-range agonistic behaviors and
appear to serve to broadcast the social status of the
displaying animal.
In addition to the behavioral categories that were
analyzed, rapid head bobbing, turning, and lateral
compression occurred with all four treatment conditions near
frequencies to be included in the statistical analyses.
Rapid head bobbing has primarily been associated with
courtship (Cooper 1977), but Rothblum and Jenssen (1978)
observed rapid head bobbing by
contexts.

a. u.

hyacinthinus in other

Some of these context: included, males patrolling

their territories, interactions between females,
interactions between males, males approaching females, and
females responding to males.
rapid head bobbing in

a.

Ruby (1977) suggests that

jarrovi sometimes indicates a high

level of excitement and potential for attack.

Turning was

defined as any change in orientation to the stimulus and
usually involved a lateral presentation.

This lateral

presentation is comparable to that described by Greenberg
(1977).

Lateral compression occurred largely in association

with bobbing and with lateral presentation in this study and
was characteristic of the challenge display which is more
intense than the assertion display.

Lateral compression

appears to increase the size of the challenging lizard and
exposes the normally concealed blue patches of the gular and
ventral abdominal regions of males.

The ventral coloration

is also visible anteriorly when a male is in an alert

21
posture on a raised lookout.

The exact social contexts in

which this color pattern is important are not known
(Carpenter 1978), but it may serve to enhance display.
The lateral movements observed in this study were
usually from a laterally compressed position and are
comparable to the side-nudging described by Carpenter (1962)
and by Greenberg (1977) which occurred prior to chasing or
attacks in those studies.
The frequency with which behaviors such as head
turning, crawling, and jaw snapping were expressed during
non-agonistic encounters increased in association with
agonistic displays.

This would indicate a heightened state

of awareness which is similar to the first of three levels
of aggression as suggested for Anolis carolinensis. (Cooper
1977), the second level being the challenge display, and the
third, attack.

The third level was reached only once in

this study during a male-male interaction.
this is probably the method of introduction.

The reason for
The

introduction of a male by removing a partition between cages
leads to a more gradual progression from one level of
aggression to the next compared with sudden introduction of
a strange male into a resident's cage (Allison 1987).
The patterns of behavior in response to a mirror with
or without cloacal smear were similar.

The patterns of

behavior in response to other males or males separated by a
clear partition are likewise similar.

This shows a

consistent pattern of behavior in response to similar
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treatment conditions.

The fact that the patterns are

repeatable under similar conditions reenforces the
conclusion that the transitions occur in a probabilistic
sequence similar to that described for Anolis carolinensis,
another iguanid (Cooper 1977).
The increase in the numbers of actions of males
separated by a clear partition over that during male-male
interactions was due primarily to greater numbers of head
turns and crawls.

It appeared that encountering a barrier

caused a greater anxiety in that lizards were observed to
crawl back and forth along the partition.

This increase in

numbers of actions was probably an attempt to compensate for
the inappropriate orientation.

There was a similar marked

increase in the number of actions of males in response to
their images in mirrors.

During encounters in nature, males

alternate their orientation to each other, first laterally
and then perpendicular to the other male, or both face in
opposite directions.

In both experiments using mirrors, it

was impossible for the males to orient themselves in either
of these ways.
Chemical cues appear to be involved in agonistic
behavior as indicated by the numbers of jaw snaps performed
in each treatment condition.

Using a clear partition

between the cages was an attempt to block chemical cues, but
the openings were not sealed and some scent might have been
detected.

The number of jaw snaps performed under that

treatment was approximately the same as those performed in
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response to treatments in which scent (a chemical cue) was
clearly present (i.e., in male-male interaction, and mirror
plus cloacal smear).

In response to the mirror alone,

however, more than twice that number of jaw snaps was
performed and many of those were to the mirror.

These

results indicate that, upon being presented with a visual
cue, the lizards were probably testing for a chemical cue
which was not present.

Members of this genus possess both

nasal and vomeronasal structures of olfaction that are well
developed (Duvall 1979, 1981).

It is suggested that nasal

olfaction serves as a quantitative distance sensing system
and initiates further investigation by the tongue-Jacobson's
Organ system which appears to be more "qualitative," or

al.

discriminating (Duvall 1979; Burghardt 1970, DeFazio
1977).

Scent alone does not appear to be sufficient to elicit
agonistic behaviors in that the application of cloacal scent
on filter paper did not elicit the challenge display nor
affect jaw snapping.

Duvall (1979) reported that males

performed significantly greater numbers of tongue extrusions
when exposed to male-labeled substrates.

Tongue extrusions

appear to be involved in exploration of new areas and occur
more frequently when the lizards are exposed to novel
situations (Simon,

al. ai.

1981; DeFazio et„ Ai. 1979).

The

bobbing displays reported by Duvall (1979) took place
subsequent to the licking of a substrate labeled with
conspecific markings of fecal material and proctodeal and
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femoral gland exudates.

In any instance in which licking of

the mirror occurred in the present study, jaw snapping to
the mirror occurred subsequent to bobbing.

This may

indicate that the mirror provided the visual cue necessary
to elicit bobbing, whereas another substrate such as the
bricks used by Duvall (1979) may have served as a visual cue
or a "novel situation" in the lizard's environment which
promoted investigation by jaw snapping (or substrate
licking) which, in turn, elicited bobbing.

It is likely

that the bobbing displays reported in that study were part
of the lizards' assertion displays rather than the challenge
displays since it is not stated that the lizards ever
compressed laterally.

The filter paper used in the present

experiment evidently was not visually sufficient to promoz,e
further investigation.

It is also possible that the origin

of the chemical which elicits this behavior is not the
proctodeum, and therefore was not present.

Duvall (1981)

found that males and females did not exhibit behavioral
discriminations between male and female marked surfaces,
suggesting that neither proctodeal nor femoral glands are
responsible for the behavior since females do not possess
these glands in secretory condition.

However, the jaw snap

response in the present study to a situation in which that
was the only scent present (i.e., mirror plus cloacal smear)
was strikingly similar to that of male-male interaction.
The number of jaw snaps in response to the mirror plus
cloaca' smear indicates that the increased number in
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response to the mirror alone was not associated with a novel
situation.
From these results, it is logical to theorize that a
hierarchy of cues is involved in agonistic behavior, a
visual cue playing a primary role, and a chemical cue being
involved if the visual cue is first present.

Some

investigators (Ferguson, et al. 1966) have suggested that
chemical cues do not serve as releasers of behavior in other
species, but these conclusions were based upon descriptive
observations and not on a sequence analysis of behaviors.
Future studies might be carried out using the mirror as
the visual component of a model system in which the effects
of secretions from various glands on lizard behavior can be
studied.

Once the sources of secretions that affect

agonistic behaviors are identified, it should be possible to
identify the chemicals involved using this behavioral assay
system.
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